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The  study  reported  herein  was  suggested  by  the  Army  Mobility  Research 
Center  Board  of  Consultants,  and  was  authorized  under  Corps  of  Engineers 
Subproject  8-70-05-^00,  Traffieability  of  Soils  as  Related  to  the  Mobility 
of  Military  Vehicles.  The  study  was  planned  and  conducted  by  the  Army 
Mobility  Research  Center,  Soils  Division,  Waterways  Experiment  Station. 

The  actual  testing  was  done  by  personnel  of  the  Soils  Test  Section,  Embank** 
ment  and  Foundation  Branch,  Soils  Division. 

Mr.  A.  J.  Green,  Jr.,  directed  the  study  under  the  general  super¬ 
vision  of  Messrs.  W.  J.  Turnbull,  C.  R.  Foster,  and  S.  J.  Knight,  and  pre¬ 
pared  this  report.  Mr.  J.  E.  Green  assisted  in  the  analysis  of  the  data. 

Directors  of  the  Waterways  Experiment  Station  during  the  conduct  of 
this  study  and  preparation  of  this  report  were  Col.  A.  P.  Rollins,  Jr.,  CE, 
and  Col.  Edmund  H.  Lang,  CE.  Mr.  J.  B.  Tiffany  was  Technical  Director. 
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NOTATIONS 


Squeeze  Tests 


a  =  l/2  specimen*  height,  in. 

a  =l/2  original  thickness,  in* 
o 

B  =  width  of  .specimen,  in. 

c  ’=  shear  strength,  psi 

e  =  strain,  per  cent 

L  o  l/2  specimen  length,  in. 

n  =5  lateral  stress,  psi 
x 

n  =3  normal  stress,  psi 
z 

P  o  load,  lb  or  kg 
S~<='6hear  stress 
x  =  distance  along  X-axis 
X  =  horizontal  axis 
z  =3  distance  along  Z-axis 
Z  sa  vertical  axis 

p  o.  angle  between  a  line  tangent  to  the  plane  of  maximum  shear  and  the 
vertical  axis  Z-Z 

ss  dry  density,  lb  per  cu  ft 

t  a  maximum  shear  stress 
max 


■a-jJ  .  a ■ft': Swil1 


initial 


height  of  specimen,  in 
diameter  of  specimen, 


applied  normal  load,  lb 


dry  density,  lb  per  cu  ft 


=j  angle  of  shear 

pressure^Hpaf8^1  Stre8S  =  n°rmal  BtreSB  at  fBilure  Plus  chamber 

intermediate  principal  stress,  psi 
minor  principal  stress,  psi 
angle  of  internal  friction,  deg 
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SUMMARY 


The  Jurgenson  squeeze  test  was  studied  to  evaluate  its  possible  use¬ 
fulness  in  vehicle-mobility  research.  The  study  included  a  comparison  of 
the  strength  measurements  obtained  on  two  fat  clays  by  means  of  the  squeeze 
test,  the  uhconsolidated-undrained  triaxial  compression  test,  and  the  cone 
penetration  test.  The  average  unconfined  compression  test  shear  strengths 
of  15  soils,  taken  from  another  study,  are  included  for  comparative  pur¬ 
poses  only.  The  squeeze  test  was  easy  to  perform  and  did  not  require  ex¬ 
pensive  equipment.  Its  results  correlated  well  with  the  results  of  the 
other  strength  tests  including  cone  penetrometer  measurements.  Data  com¬ 
piled  in  this  study  support  the  theory  that  the  squeeze  test  determines 
the  average  strength  of  the  soil,  whereas  the  triaxial  test  measures  the 
strength  along  the  weakest  plane.  It  is  concluded  that  the  squeeze  test 
is  suitable  for  initial  Inclusion  in  laboratory  yehidle-mobility  research 
programs.  It  is  recommended  that  additional  testB  be  performed  in  order  to 
provide  more  data  for  correlation  of  squeeze  test  shear  strength  with  cone 
index,  and  that  the  squeeze  test  be  incorporated  in  a  contemplated 
laboratory- scale  vehicle  testing  program  as  an  aid  to  the  establishment 
of  soil- vehicle  interrelations. 


1.  In  the  field  of  vehicle-mobility  research,  wet,  soft  soils  are  of 

•»* 

major  interest  since  they  provide  the  greatest  difficulty  for  off-the-road 
traffic »  Consequently,  a  test  that  will  determine  with  reasonable  accuracy 
the  average  strength  and  deformation  characteristics  of  wet,  soft  soils  is 
needed  in  the  vehicle-mobility  research  program. 

2. "  The  Jurgenson  squeeze  test  was  selected  for  investigation  of  its 
suitability  for  this  purpose  because  it  will  determine  the  average  strength 
of  soils  so  soft  and  wet  that  they  flow  under  comparatively  small  loads. 

The  test  is  based  on  a  theory  that  appears  reasonable  and  valid,  and  recog¬ 
nizes  the  plasticity  of  the  material.  .  Vehicles  usually  become  immobile 
only  when  the  soil  fiows  from  under  them,  causing  them  to  sink  considerably. 
Compression  or  consolidation  unaccompanied  by  plastic  flow  seldom  results 
in  sinlcage  great  enough  to  cause  immobilization  of  a  vehicle.  Since  the 
strength  measured  by  the  squeeze  test  may  be  applicable  in  theories  of 
vehicle-soil  relations,  tie  test  appears  to  be  particularly  suitable  for 

’  use  in  vehicle-mobility  research. 

3*  This  report  describes  a  preliminary  study  of  the  Jurgens,on 
squeeze  test  made  to:  (a)  familiarize  personnel  with  the  Jurgenson  test, 

and  (b)  evaluate  the  possibility  of  using  it  in  vehicle-mobility  research. 

.  ‘  , 

4.  The  study  consisted  of  a  comparison  of  strength  measurements  ob¬ 
tained  by  means  of  the  Jurgenson  squeeze  test,  the  unconsolidated-undrained 
triaxial  compression  test,  the  cone  penetration  test,  and  the  unconfined 
jompression  test.  The  first  three  tests  were  actually  performed  for  this 

1  study.  However,  the  unconfined  compression-test  data  were  taken  from 

V'.  '  *  r  CMS’ 

TM  No.  3-240,  1st  Supplement,5^  and  used  in  this  report  to  provide  an 
additional,  comparison. 


I' • . r. , 
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-•  Raised  numbers  refer  to  similarly  numbered  entries  in  the  list  of 
references. 
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PART  II:  SOILS  TESTED  AND  TEST  PROCEDURES 

Soils 

5.  The  two  soils  tested  in  this  study  were  fat  clays,  both  classed 
as  CH  according  to  the  Unified  Soil  Classification  System.  One  of  the 
clays  was  found  near  Mound,  Louisiana,  and  the  other  near  Vicksburg, 
Mississippi.  Gradation  and  classification  data  for  the  two  soils  are 
shown  in  fig-  1.  Each  soil  was  tested  at  moisture  contents  of  approxi¬ 
mately^  29,  31,  and  35$. 


Pig.  1.  Gradation  and  classification  data 


Sample  Preparation 


6.  A  sufficient  quantity  of  each  soil  to  fill  two  molds  6  in.  in 
diameter  and  9  in.  high  (including  a  2-in.  collar)  was  thoroughly  mixed 


Equation  used  in  test 


m®  squeeze  test  was  devised  by  L.  Jurgenson,  about  1934,  to  de- 
'the  overage  strength  of  the  material  and  not  its  strength  along 
!St  plane.  "  The  equation  for  shear  strength  as  used  in  this  test 


xu  on  -cneory  ror  plastic  flow;  consequently,  the  equation  is  not 

valid  at  the  beginning  of  the  test  when  the  plastic  state  has  not  yet  been 
-reached.  (See  Appendix  A  for  derivation  of  the  equation.  )  However,  since 
ultimate  shear  strength  is  the  prime  consideration,  the  limitation  upon  the 
equation  is  not  of  enough  importance  to  negate  its  significance.  It  should 
be  1  oted  thst  the  original  shear  strength  equation  as  developed  by  Jurgensoi 
xms  later  revised  by  a  more  reasonable  assumption  of  stress  conditions  at 
ihe  outer  edge  of  the  plate  of  the  test  apparatus. ^  The  revised  equation 
^  been  presented  above  and  is  used  in  the  computations.  Bile  equation 
does  Mb  include  the  angle  of  intemal  friction,  therefore,  the  ultimate 
sheas*  strength  could  be  termed  cohesion. 


fe**5£giyj{ 


trivial  compression  test  is  a  conventionax  ces.  — 

a  stresses  are  known  and  controlled.  It  is  performed  on 
jecimens  to  determine  stress-deformation  and  strength  cbarac- 
,he  soil  when  subjected  to  lateral  pressure.  The  major  prin- 
0  ,  iS  equal  to  the  sum  of  the  applied  axial  load  and  chamber 
B  intermediate  principal  stress,  az,  and  the  minor  principal 
-x  to  -be  identical  and  are  equal  to  the  chamber 


'Test- specimen  ,  ,  „ 

9.  In  the  preparation  of  specimens  of  each  soil  at  each  ».  -  -  * 

tent  for  the  squeeze  test,  the  2-in.  collar  was  removed  from  the  mold  an 
the  soil  was  trimmed  flush  with  the  top  of  the  cylinder.  The  soil  was  then 
■  carefully  extruded  from  the  mold  and  a  circular  section  1  in.  thic  c  V®S  °U 
from  the  top.  A  rectangle  approximately  4  in.  by  3  in.  was  then  cut  from 
the  1-in. -thick  circular  section.  This  rectangular  specimen  was  subjected 

to  the  squeeze  test. 

Description  of  test  2o  ^  teBt  specimen 

10.  The  squeeze  test  apparatus  is  s  o^  - 

is  placed  between  two  rigid  plates;  pressure  is  applied  to  tbe  “pper  pla  e 
with  a  testing  machine  and  the  specimen  is  compressed  between  the  pla  . 

The  teeth  in  the  upper  and  lower  plates  are  of  0.2-mm  spring  brunts  with  a 
o-mm  spacing;  they  project  1.5  mm  into  the  s^ple  in  order  to  devetap 
'shear  strength  of  the  material  and  to  force  the  failnre  plane  deeper  into 

,  Hnn  of  the  squeeze  test  in  this  study  was  leSB  than 
the  soil.  Average  duration  of  the  squeeze  xe 

4  minutes.  This  short  duration  was  intended  to  eliminate  the  »»UUtr 
of  consolidation  which  would  retard  or  eliminate  the  occurrence  of  the 
plastic  state  in  the  soil.  Semple  failure  is  determined  by  the  outward 
.  flow  on  two  opposite  sides  of  the  plates  (two  sides  are 
tion  is  determined  by  measuring  the  specimen  thickness  at  time  tab. 
throughout  the  test.  In  this  study,  load-deformation  relations  were  ascer¬ 
tained  bv  means  of  a  continuously  recording  mechanism. 
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Fig.  3*  Cone 
penetrometer 


Test  specimen 

12.  After  the  soil  to  he  used  in  the 
squeeze  test  was  removed  from  the  mold,  a 
cylinder  of  soil  about  6  in.  high  and  6  in. 
diameter  remained.  Three  specimens  approxi¬ 
mately  3  in.  high  and  1.4  in.  in  diameter  were 
removed  from  the  top  of  this  cylinder  for  <use 
in  the  triaxial  test. 

Description  of  test 

13.  The  triaxial  test  performed  in  this 
study  was  the  standard  unconsolidated- 
undrained  compression  test  and  is  described  in 
reference  8.  Chamber  pressures  of  0.5,  1  *5, 
and  3.0  tons  per  sq  ft  (6.94,  20.83,  and  4l.6T 
psi,  respectively)  were  used.  Durations  of 
the  test  ranged  from  7  to  8  minutes. 

Cone  Penetration  Test 

' 

. 

l4.  The  cone  penetration  test  is  an  em¬ 
pirical  method  of  determining  the  strength  of 
a  soil,  which  has  been  used  successfully  in 
vehicle  mobility  arid  trafficability  studies. 
Before  the  test  was  begun,  the  collar  was  re¬ 
moved  from  the  remaining  mold  of  each  soil  at 
each  water  content,  and  the  soil  was  trimmed 
flush  with  the  cylinder.  Five  penetrations 

iwere  then  made  in  each  mold  with  a  cone  pene¬ 
trometer  having  a  right  circular  30-deg  cone 
with  an  end  area  of  l/2  sq  in.  (see  fig.  3)» 
The  resistance  of  the  soil  to  penetration  of 
the  cone  in  a  slow  downward  movement  was  read 
at  the  surface  of  the  molded  sample,  and  at 
each  inch  of  depth  to  4  in.  The  readings, 
called  cone  index,  were  in  pounds  of  force  per 
square  inch  of  end  area  of  the  cone. 


DATA  OBTAINED 


Compaction  Data 


15 •  Table  1  shows  the  compaction  data,  wet  and  dry  densities,  and 
moisture  contents  of  each  of  the  12  molds  prepared.  Wet  density  was  de¬ 
termined  by  weighing  the  known  volume  of  soil  in  the  mold  immediately  be¬ 
fore  the  sample  Was  removed  for  the  squeeze  and  triaxial  tests  (B  molds), 

dr  immediately  before  the  cone  penetration  test  (A  molds).  At  the  same 

1 

time,  a  representative  sample  was  taken  from  the  mold  and  used  to  determine 
the  moisture  content,  with  which  the  dry  density  was  subsequently  obtained. 


Id.  Pertinent  squeeze  test  data  are  shown  in  table  2 

tents  were  determined  from  trimmings  ,eo°[ - - - 

from  the  samples,  and  density  values  _s-\ - 

were  obtained  by  weighing  the.  test  f 

specimens.  The  load  is  shown  for  •» - : — l _ 

incremental  strains  from  zero  to  be«*  / 

yond  the  failure  point,  and  the  ro°  ~j~ 

shear  strength  is  given  in  pounds 

•  CO  ’  1  ■ 

per  square  inch  for  each  increment.  a  / 

Original  dimensions  of  the  test  ^  ««>  — rf - — 

specimens  also  are  shown.  J  / 

17*  An  e:  cample  of  a  record-  **°  7 

ing  of  the  load-deformation  chart  w_j _ 

is  shown  in  fig.  4.  / 


Moisture  con' 


IB.  Data  pertinent  to  the 

-  ■■■) . '  ■  ■■  '■  ■  .  •  '•  '  •  ’■ 

triaxial  compression  test  sped- 

mens  are  shown  in  table  3* 
MoSwfcure  contents  and  densities 


Fig.  4.  load-deformation  chart 
squeeze  test,  mold  1-B,  Mound 
clay  at  28. 7p  moisture  content 
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■were  measured  in  the  same  manner  as  in  the  squeeze  test.  The  load  is  shown 
for  incremental  strains  from  zero  to  beyond  the  failure  point.  Since  defi¬ 
nite  peak  stresses  were  not  obtained,  20 $  strain*  was  arbitrarily  chosen  as 
the  failure  point.  A  typical  recording  of  the  load-deformation  chart  is 
shown  in  fig.  5.  Note  that  each  curve  begins  at  its  own  origin  rather  than 


Fig.  5.  Typical  recording  of  the  load-deformation  chart 


at  a  common  origin.  The  soil  is  the  Vicksburg  clay  at  moisture  contents  of 
27. 5*  28.1,  and  28$  for  samples  under  chamber  pressures  of  6. 94,  20.83, 
and  41,67  psi,  respectively.  Mohr  stress  envelopes  plotted  for  each  series 
of  triaxial  compression  tests  are  shown  in  plate  1.  The  angle  of  internal 
friction  was  not  defined  explicitly  in  each  of  these  tests  and  the  ..angles 
shown  in  the  plate,  which  range  from  1.0°  to  3. 3°  were  placed  by  eye  to 
best  fit  the  tangents  to  the  circles.  The  plots  in  plate  1  indicate  that 
the  two  clays,  et  these  moisture  contents,  have  practically  zero  angle  of 


*  T.  W.  Lambe5  suggests  15$;  WES  uses  20$  in.  most  cases. 


Unconflned-Co: 


■  ox  o.Gca  xrom  many 
rom  the  average  of  cone 
squeeze  test  and  tri¬ 
averages  of  cone  index 
■>  the  average  for  4  in.  was  18  cone  • 
average  for  2  in.,  18  cone  index  units  were 
H  00  the  curve  BO  that  the  data  vould  be  comparable.’  The  adjusted  cone 

|§S  ln™  028  corresponding  unconflned-compresslon  shear  strength,  c  ,  from 
reference  9  are  given  below. 

Shear  Strength 

SaaMc  s.  *  ’ 

£  — :  !  ■'  ;  3.8  > 

'  ■  g  l:° 

>’■  ■ '  ■  ■  .  sa  .  -3®  9.2  '  «@S;K 

■  . .  108  10.5  ■  -•  , 

-  •  .  •  ■  “f?  .  11.0 

■  .  ■-  ...  :  .16.5 

Itg.  ^  >-**  .  V  *  ,}  “ .  '/ 


x-eoaiDge  in  a  z-in.  depth  of  soil.  Since  the 
axial  test  data  in  this  study  were  compared  with 
readings  in  a  4-in.  depth  of  soil 
Index  units  higher  than  the 
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«  PART  IV:  ANALYSIS  OF  DATA 

*  > 

21.  The  *^data  were  analyzed  by  comparing  plots  of  stress  vs  strain 
for  the  squeez^  test  and  triaxial  test;  plotting  the  triaxial  test  shear 
otreoaes  at  failure  against  comparable  values  from  the  squeeze  testj  and 
plotting  shear  .  stresses  at  failure  from  the  squeeze,  triarial,  and  uncon¬ 
fined  compression  tests  against  cone  index. 

Stress  vs  Strain 


22.  Shear  stress- strain  curves  obtained  from  the  squeeze  test  and 
the  triaxial  test  (using  three  chamber  pressures)  on  soil  from  the  same 
mold  are  plotted  in  plates  2  and  3*  Molds  1-B  through  3-B  (plate  2)  con¬ 
tained  Mound  clay;  molds  4-B  through  6- B  (plate  3)  contained  Vicksburg 
clay.  Although  the  differences  in  the  two  tests  were  recognized,  it  was 
felt  that  the  stress-strain  relations  from  the  tests  would  be  of  general 
Interest.  For  the  drier  soils  (molds  1-B  and  4-B),  the  squeeze  test  shows 
-lower  shear  strengths  than  the  triaxial  test  below  about  8$  strain  and 
higher  strengths  above  10$  strain.  The  two  types  of  curves  are  more  simi¬ 
lar.  to  each  other  for  the  intermediately  wet  soils  (molds  2-B  and  5-B), 
and  again  the  squeeze  test  strength  is  lower  at  low  strains  and  higher  at 
high  strains.  When  the  soils  are  very  wet  (molds  3-B  and  6-B),  the  two 
types  of  stress-strain  curves  are  very  similar  throughout  the  entire  strain 
range  with  the  squeeze  test  strength  still  slightly  higher  at  the  higher 


Shear  Stresses  at  Failure 


23.  Plate  4  is  a  plot  of  shear  stresses  at  failure  for  the  Mound  and 
Vicksburg  soils  determined  by  the  squeeze  test  vs  corresponding  values  as 
determined  by  the  triaxial  test  on  the  same  soil  at  the  same  condition. 
Failure  is  assumed  to  have  occurred  at  20$  strain  in  all  cases.  A  straight 
line  through  the  origin  with  a  slope  of  O.S25  (drawn  by  eye)  fits  the 
point b  fairly  well.  The  equation  for  the  mathematical  straight  line  of 
best  fit  for  the  points  shown  is  z  =  G.663X  +  1.6l;  the  correlation 


coefficient  is  0.965*  significant  to  the  1$  level;  and  the  standard  error 

i  *.1  \ 

of  estimate  is  0.99»  On  the  basis  of  the  small  amount  of  data  obtained,  it 

r 

appears  reasonable  to  conclude  that  the  two  curves  correlate  well  with  each 
other  and  that  shearing  strength  determined  in  the  'triaxial  test  is  prob¬ 
ably  from  66  to  82$  of  that  determined  by  means  of  the  squeeze  test.  The 

i  ^ 

higher  values  obtained  from  the  squeeze  test  support  the  theory  that  this 
.test  determines  the  average  strength  whereas  the  triaxial  test  measures  the 
strength  along  the  weakest  plane.  There  is  some  flight  evidence  that  soil 
type  may  influence  the  relation,  but  this  evidence  is  not  strong  enough  to 

,  y  v.  0 

Justify  the  drawing  of  separate  curves  for  the  two  soils. 


Shearing  Strength  vs  Cone  Index 


24,  Plate  5  shows  cone  index  plotted  against  shearing  strength  de¬ 
termined  from  the  squeeze  test  (triangular  symbols),  £rom  the  triaxial 
test  (circular  symbols),  and  from  the  unconfined  compression  test  (square 
symbols).  (  * 

Squeeze  test  data  '  i'  '  ' 

25*  AS  statrl  earlier,  the  top  1  in.  of1  soli  frbm  a  mold,  trimmed  to 

'  V;  .  !  "  •  /.  *  • 

the  proper  dimensions,  was  used  for  the  squeeze  test.  The  average  values 
of  cone  Indexes  read  at  the  1-,  2-,  3”*  and  4-inr-depths  were  used  in 

plotting  cone  index  vs  shearing  stress  at  failure  (20$.  strain).  The  six 

..  -  . 

points  (three. for  each  soil)  define  a  straight  line  reasonably  well..  The 
equation  for  the  line  of  best  fit  is  z  =  0.125x  -  2.60  (cone  penetrometer 

reading  is  roughly  10  times  the  shear  strength);  the  correlation  coef- 

'•Vy-y  - 

ficieat  is  0.969*  significant  to  the  1$  level;  and  the  standard  error  of 
estimate  is  1.33*  A  line  through  the  points  and  also  through  the  origin 
would  not  deviate  widely  from  the  mathematical  line  of  best  fit.  Here 
again*  there  is  some  evidence  that  additional  data  might  have  defined  a 
separate  curve  for  each  soil. 

v  . 

Triaxial  compression  test  data 

26.  The  average  cone  index  valuta  for  the  1-,  2-*  3-*  and  4-in. 
depths  are  plotted  against  triaxial  shear  strengths.  A  Straight  line  ap¬ 
pears  to  fit  the  data  as  well  as  any  shape*  The  linear  regression  is 

.  ■ 

D  «  0.094x  ~  X»12j  the  correlation  coefficient  is  0.979*  significant  to 
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the  1$  level;  and  the  standard  error  of  estimate  is  0,TJk.  The  correlation 
between  tria^j-al  shear  strength  and  cone  index  is  slightly  better  than  that 
between  squeeze  test  shear  strength  and  cone  index.  However, . a  line  drawn 
by  eye  through  the  origin  and  the  plotted  points  for  both  soils  would  be 
very  close  to  the  computed  line  of  best  fit. 


Unconfined  compression  data 


27.  Cone  index  vs  unconfined  compressive  strength  is  plotted  in 
plate  5  using  the  data  tabulated  in  paragraph  20.  A  straight  line,  deter 
mined  by  a  linear  regression  analysis  of  the  data,  fits  well  through  all 
the  points.  The  equation  of  this  line  is  z  =  1.107x  -  1.123. 


Discussion 


2 8.  Soils  that  have  a  cone  index  greater  than  100  in  the  remolded 
state  are  usually  trafficable  for  any  military  vehicle.  In  vehicle- 
mobility  research,  therefore,  the  primary  interest  is  in  soils  with  lesser 
strengths,  and  in  contemplated  laboratory, scaled  vehicle  testing,  soils 
having  cone  indexes  below  100  will  be  of  primary  interest. 

29.  The  squeeze  test,  though  fairly  easy  to  perform  in  a  laboratory, 
would  not  be  practicable  as  a  traffieability  test  in  the  field  where  the 
character  of  the  soil  may  very  widely  in  a  given  test  area  and  a  large 
number  of  'tests  would  be  necessary  to  determine  the  average  soil  strength 
of  the  area.  Also,  the  ^squeeze  test  examines  only  one  vertical  inch  of 
soil  per  test,  whereas  examination  of  at  least  6  in.  of  soil  is  necessary 
in  the  field.  To  obtain  this  information  with  the  squeeze  test,  it  would 
be  necessary  to.  test  six  samples,  which  is  not  considered  practical. 
Therefore,  it  is  not  likely  that  the  squeeze  test  will  supplant  the  cone 
penetration  test  as  a  traffieability  field  test,  since  the  cone  penetrom¬ 
eter  is  easy  to  use  at  any  pertinent  depth  and  provides  a  good,  quick  in¬ 
dication  of  soil  strength  without  the  necessity  of  obtaining  a  sample. 

30.  The  squeeze  test  appears  to  have  promise  for  vehicle-mobility 
research  in  the  laboratory.  It  is  relatively  easy  to  perform  and  does  not 
require  expensive  equipment.  It  correlates  fairly  well  with  the  triaxial 
test  and  with  cone  index.  Although  the  amount  of  data  obtained  in  this 
study  is  probably  too  small  to  be  conclusive,  It  appears  that  the  squeeze 


iWl 


tact  results  agree  more  closely  with  cone  Index  at  low  soil 
,it  high  coil  strengths.  Additional  tests  should  be  perform 
whether  this  can  be  substantiated. 

31«  Squeeze  test  values  of  shear  strength  at  failure 
higher  tkuu  triexial  test  values,  and  thus  are  believed  to  represent 
rather  than  minimum  soil  strength.  From  trafficability  studies, 
"pears  that  average  values  of  soil  strength 
tibn  with  vehicle  performance  than 
vehicle's  load  being  borne  by 
tends  to  minimize  the  effect  of  variation  in  the 


are  slightly 
aver- 
it  ap- 

ars  more  suitable  for  correla- 
are  minimum  values.  This  is  due  to  the 
a  comparatively  large  area  of  the  soil  which 

soil  under  the  vehicle  and 
aOJcgd  the  soil  to  act  as  an  average,  homogeneous  mass  at  any  one  instant. 

32.  Research  on  the  shear  strength  of  soils  has  shown  that  the  speed 
-*  ttith  which  a  given  soil  is  sheared  has  a  noticeable  effect  on  its 
l  strength.  It  has  been  determined  that  the  greater  the  speed  of  axial 
y  Gtrain,  the  greater  the  shear  strength.  Little  attention  has  been  given  to 
the  difference  in  the  speed  of  shear  in  the  trlaxial,  unconfined  compres¬ 
sion,  and  squeeze  tests  reported  herein;  hence,  the  effect  of  this  variable 
cannot  be  stated  at  this  time.  Additional  testing  should  be  performed  in 
,  •  ouca  a  manner  that  the  speed  of  Bhear  will  approximate  that  induced  by 
vehicles. 

i  33"  Since  the  study  reported  herein  was  for  exploratory  purposes, 

only  a  small  amount  of  testing  was  done.  In  view  of  the  promising  results, 
the  study  should  be  ejqpanded,  with  emphesis  on  the  soft  soils  that  are  of 
(Jfvg  maJor  Merest.  Since  the  correlations  of  the  squeeze,  triaxial,  and  un- 
pf  COnfin4:d  compression  tests  with  cone  index  were  similar,  it  is  suggested 
-  ?thab  the  squeeze  test  be  employed  to  a  greater  extent  in  future  work  in 

.  ”  A 


CONCLUSIONS  AND  RECOMMENDATIONS 


PART  V 


Conclusions 


34.  Based  upon  the  limited  amount  of  testing  performed  in  this  study, 
the  following  conclusions  appear1  warranted: 

a.  The  squeeze  test  affords  a  reliable  measurement  of  soil 
strength  and  appears  to  be  a  suitable  test  for  use  in 
laboratory  vehicle-mobility  research. 

b.  Squeeze  test  values  of  shear  strength  at  failure  are 
slightly  higher  than  corresponding  triaxial  compression  test 
values  because  the  shear  strength  determined  in  the  squeeze 
test  is  representative  of  the  average  strength  of  the  sample, 
whereas  the  triaxial  test  determines  only  the  strength  of 
the  weakest  plane. 

c.  The  correlation  between  squeeze  test  shear  strength  and  cone 
index  was  not  significantly  different  from  the  correlation 
between  triaxial  test  shear  strength  or  the  unconfined  com¬ 
pression  test  shear  strength  and  cone  index. 


Recommendations 


35*.  In  view  of  the  promising  results  obtained  in  this  study,  it  is 
recommended  that  tests  be  performed  to  provide  additional  data  for  correla¬ 
tion  of  squeeze  test  shear  strength  with  cone  index,  and  to  investigate  the 
deformation  of  soils  tinder  various  conditions.  The  tests  should  include: 

a.  Use  of  soil  types  varying  from  low-plasticity  silts  to 
highly  plastic  clays. 

b.  A  limited  number  of  triaxial  tests. 

£.  Use  of  a  consistent  speed  of  shear  approximating  that  in¬ 
duced  by  vehicles. 


36.-  It  is  also  recommended  that  the  squeeze  test  be  incorporated  in 
the  contemplated  laboratory  scaled  vehicle  testing  program,  on  the  premise 
that  the'  squeeze  test  will  afford  art  opportunity  to  relate  vehicle  perform¬ 
ance  to  strength-deformation  characteristics  of  soils. 
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Compaction  Data 


Blows 


Moisture 

Content 


Dry 

Density 
lb/cu  ft 


Mound  Clay 


Vicksburg  Clay 


Note;  Weight  of  hammer:^  5*5  lb 

Diameter  of  hammer  face:  2  in. 

*  Used  for  cone  index  measurements. 

##  (jsed  for  squeeze  and  triaxial  test  specimens 


Hammer  drop:  12  in. 
Number  of  layers:  5 


*  '  5< 


Mold  >  Content 


Strain 


Ib/cu  ft 


Mound  Clav 


84.2  4  by  3  by  1.008 


88.2  4  by  3  by  1.008 
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03«3  4  by  3  by  1.002 


4  by  3  by  0.976 


4  by  3  by  0.966 


;4  #  3  by  6  .  976 
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UNCONSOLIDATED-UNDRAINED 
TRIAXIAL  TESTS 
MOHR  STRESS  ENVELOPES 
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VICKSBURG  CLAY 


IN  P51 


CONS  I  MOSS 


TRIAttlAL  TSijT: 

O  MOUND  CLAY 
O  VICK5SURG  CLAY 
CQUEEzfe  TEST: 

6  MOUND  CLAY 
0  VtCKSEU^G  CLAY 
Q  UMCCJC7IM60  COMPRESSION  TEST 
AY5JIAOE  FC3  IS  SOU 


SHEAR  STRENGTH 

UNCONFINED  COMPRESSION, 
TRIAXIAL  AND  SQUEEZE  TESTS 
VS  CONE  INDEX 


PLATE  S 
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from  ■which 


and 


77^ 

X  *  L 


vhere 


c  ■?  shearing  strength  in  terms  of  load  per  unit  area. 

As  the  thickness,  2a,  changes  during  the  test,  the  following  form  is 
convenient: 

Pa  (l  ~  e) 

C  “  L  .  a«(l  -  eH 


where  - 

2a  *  initial  thickness,  and 
o 

e  ci  change  in  thickness  divided  by  2a  . 


